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The alterations in properties of protic/aprotic (2-hydroxyethylammonium formate)/ 1-butyl-3-methylimidazolium methyl 
sulfate) ionic liquids (ILs), based on reciprocal binary mixing concept ([A][B][X][Y]) have been investigated by studying 
the density, speed of sound, and viscosity of mixtures as a function of temperature. The volume of mixing, isentropic 
compressibility, excess molar isentropic compressibilities and activation energy of viscous flow have been derived, which 
indicate a very high level of non-ideality in the mixtures desired to take advantage of improved  
solvent properties. FTIR spectral analysis and solvatochromic parameters (normalized Reichardt’s parameter, 
dipolarity/polarizibility, hydrogen bond donor and acceptor coefficients) determined through the solvatochromic probes 
have been utilized to examine the hydrogen bonding and ion-ion interactions prevailing in the studied systems. Although 
significant alterations in hydrogen bonding and ion-ion interactions are observed, dispersion type interactions dominate over 
chemical interactions as indicated by a high positive deviations in the volumes of mixing.  
Keywords: Solution chemistry, Ionic liquids, Protic ionic liquids, Aprotic, Reciprocal binary mixing 
Ionic liquids (ILs) have huge potential as a solvent for 
an array of applications.
1-4
 The desired properties of 
ILs can be attained by (1) tuning the structure of 
cation/anions (2) direct synthesis of so called “Double 
Salt Ionic Liquids (DSILs)” through direct mixing of 
multiple ions,
5
 or (3) by mixing two or more ionic 
liquids at different mole fractions. Chatel et al.
5
  
have defined DSILs as “salts composed of more  
than two types of ions, liquid at low temperature  
(<373 K), where each unique combination of ion  
types and ion ratios constitutes a unique DSIL,  
leading to properties specific to that combination”.
  
On the other hand, in binary mixtures of ILs  
the identities of the individual components are  
retained. Therefore, mixing the ILs containing ions of 
diverse nature and different sizes and a highly  
non-ideal mixture with improved properties can be 
synthesized for specific application. IL mixtures  
have been classified into binary ([A][X][Y] or 
[A][B][X]), reciprocal binary ([A][B][X][Y]), ternary 
([A][X][Y][Z] or [A][B][C][X]) and reciprocal ternary 
([A][B][X][Y]) on account of number of components 
and constituents.
1 
Considering these conventions the 
[HEA][HCOO] +[C4mim][C1OSO3] mixture studied in 
this article is a reciprocal binary type. Recently, 
Niedermeyer et al.
1
 and Chatel et al.
5
 have 
systematically reviewed studies on IL mixtures and 
found that large part of these investigations are 
focussed on mixtures having combinations of aprotic 





 have analysed the 
temperature dependence of viscosity of a binary 
mixture of [C4mim][BF4]+[[C4mim][PF6] and 
[C6mim][BF4]+[[C6mim][PF6] mixtures in light of 
Vogel-Fulcher-Tammann (VFT) equation and  
showed the importance of mixture for chemical 
processes. Binary IL mixtures involving a common 
cation, [C4mim] and commonly used anions  
(Cl, Br, [BF4], [PF6] or [NTf2]) have also been 
investigated by means of IR spectroscopy and a  
good molecular mixing without a nanosegregation  
of domains has been reported.
22
 Fletcher et al.
23
  
have studied the solvatochromic behaviour in terms  
of hydrogen bond donor capacity and competitive  
anion coordination effects in the binary mixtures  
of [C4mim][Tf2N]+[C4mim][PF6],[C2mim][Tf2N] 
+[C4mim][Tf2N] and [C2mim][Tf2N]+[C4mim][PF6]. 
Kagimoto et al.
24 
have also determined the Kamlet-




Taft parameters of some polar and low viscosity amino 
acid-based ILs as a function of ionic composition. 
As can be seen from literature the mixing studies in 
ILs are largely restricted towards examining the 
changes in thermo-physicochemical properties of 
aprotic binary combinations and lacks molecular level 
investigations using spectroscopic/microscopic 
techniques with ions of diverse chemical nature, 
which can results in improved properties with clear 
understanding of structure property relationship. 
Therefore, in the present article the alteration in 
macroscopic properties in relation to changes in the 
microscopic structure of IL has been investigated for 
a reciprocal binary mixture containing a protic ionic 
liquids (PIL), 2-hydroxyethylammonium formate 
([HEA][HCOO]) with an aprotic ionic liquid (APIL) 
viz., 1-butyl-3-methylimidazolium methylsulfate 
([C4mim][C1OSO3]). The primary physical properties 
such as density ( ρ ), speed of sound (u ), viscosity 
(η ) at different mole fractions at 298.15, 308.15 and 
318.15 K were measured and used to derive  
excess volumes ( EmV ), isentropic compressibility ( sκ ) 
and the activation energy of viscous flow ( aE ). 
Various chemical interactions in the system were 
observed by comparing the FT-IR spectra of mixtures 
at different mole fraction. The solvatochromic 
parameters, NTE (normalized Reichardt’s parameter), 
π
*
 (dipolarity/polarizability coefficient), β (hydrogen 
bond acceptor coefficient) and α  (hydrogen bond 
donor coefficient) were determined through UV 
measurements at 298.15 K. 
 
Materials and Methods 
2-Hydroxyethylammonium formate (HEA][HCOO]) 
was synthesized in our laboratory according to the 
procedure published elsewhere
25





C-NMR and mass spectrometry. 
The purity of the synthesized IL was higher than  
98% mass fraction. 1-Butyl-3-methylimidazolium 
methylsulfate ([C4mim][C1OSO3]) with >98% mass 
fraction was purchased from Solvent Innovation, 
Germany. All the ILs used were dried as described in 
our earlier publication
26 
and water content as measured 
from Karl Fischer titration was < 200 and 170 ppm 
respectively for [HEA][HCOO] and [C4mim][C1OSO3].
 
Binary mixtures of ILs at different mole fractions were 
prepared by weight using an analytical balance with a 
precision of ±0.0001 g (Denver Instrument APX-200) in 
a glove box in nitrogen atmosphere. Reichardt’s dye  
and 4-nitroaniline were procured from Sigma-Aldrich, 
while N,N-diethyl-4-nitroaniline was purchased from 
Oakwood Products. Inc. 
Density ( ρ ) and speed of sound ( u ) of various IL 
mixtures were measured using an Anton Paar (model 





and 0.01 m s
−1
. The 
temperature of the apparatus was controlled to within 
±0.01 K by a built-in Peltier device that corresponds 
to an uncertainty in density of ±0.0002% and speed of 
sound ±0.1%. Dried and degassed samples kept in 
desiccators were directly injected through a syringe in 
the measuring cell. The reproducibility of the results 
was confirmed by performing at least three 
experiments for each sample in the entire temperature 
range. Observed and literature values of physical 
properties are compared in Table S1 (Supplementary 
Data). Viscosity (η ) measurements were made using 
an Anton Paar Automated Microviscometer (AVMn) 
which is based on falling ball principle. The 
temperature of the apparatus was controlled to within 
±0.1K by a built-in Peltier device. Uncertainty  
 




in viscosity measurements was ±0.001%. Fourier 
transform infrared (FT-IR) spectra of the samples  
at 298.15 K were recorded on Nicolet 6700 FT-IR 
spectrometer in a demountable cell using BaF2 
window with a Teflon spacer. The optical path length 
was 0.02 mm. Temperature was controlled to within 
±0.1K with an inbuilt Peltier device. For each 
spectrum, 32 scans were made with a selected 
resolution of 4 cm
−1
. Solvatochromic parameters were 
determined by measuring the maximum absorption 
wavelength ( maxλ ) of solvatochromic probes 
(Reichardt’s dye, 4-nitroaniline and N-N-diethyl-4-
nitroaniline) at 298.15 K, with a concentration  
of about 10 µM, in IL mixtures, using a UV 3600 
Shimadzu UV-vis-NIR spectrophotometer with a 
thermocell attached to it. The stock solutions of 1 mM 
of the probes were prepared in absolute methanol. For 
each measurement 0.016 g of the probe solution was 
taken in a quartz cuvette (path length 1 cm), 
evaporated under vacuum and diluted to 1.6 g with 
various IL mixtures to make the final concentration 
10
 
µM. For complete mixing, the solutions were 
stirred for 12 h on a magnetic stirrer in a glove box 
and stored in a vacuum desiccator containing P2O5 for 
24 h before measurements. 
 
Results and Discussion 
Physical properties 
Experimental variation in density ( ρ ) of 
[HEA][HCOO](x1)+[C4mim][C1OSO3]( x2) mixture at 
temperatures 298.15 K, 308.15 K and 318.15 K is 
plotted in Fig. 1(a) and corresponding values are 
tabulated in Table S2 (Supplementary Data). A 
decrease in density was observed with increase in 
temperature due to loosening of bonds because of 
enhanced thermal motion of molecules. The density 
plots were fitted using third order polynomial 
equation with a standard deviation of 0.005 at  
298.15 K. Accuracy of the fitting was indicated by 
correlation coefficient (R
2
) value > 0.99 in all the 
cases. The density of an ionic liquid depends upon the 
packing of ions in a given volume which is controlled 
by size and shape of the ions along with prevailing 
interactions among the ions.
27 
The ρ  of mixtures 
decreased non-linearly as a function of x1 at all the 
temperatures, thus indicating non-ideal mixing.
 
The 
non-ideality in a mixture arises due to spacing among 
the ions because of improper packing. The extent of 
nonideality in a mixture can be estimated from the 
extent of molecular level interactions among ions 
from the excess molar volume ( EmV ), which can be 
calculated from the experimental ρ using Eq. (1), 
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where mV  and 
id
mV are the real and ideal molar volumes 
of the solutions; ρ , ∗1ρ  and 
∗
2ρ  are the densities of a 
 
Fig. 1—Plots showing (a) variation in density at different temperatures, and, (b) excess molar volume ( EmV ) at 298.15 K of 
[HEA][HCOO](x1) + [C4mim][C1OSO3](x2) mixture at different mole fractions.  




mixture comprising component 1 and component 2; M1, 
M2 and x1, x2 are the molar masses and mole fractions  
of component 1 and component 2 respectively. EmV , 
calculated at 298.15 K, is plotted in Fig. 1(b). A third 
order polynomial equation indicated a standard deviation 
of 0.002. A large positive deviation in EmV  has been 
observed as compared to that of reported binary 
mixtures of imidazolium or pyridinium ILs containing 
either cation or anion in common.
10-13
 The large positive 
E
mV  indicates expansion of volumes upon mixing, 
which can be accounted to the inefficient packing of ions 
in the [HEA][HCOO](x1)+[C4mim][C1OSO3] mixture, 
due to the large difference in size and dominance  
of physical interactions over the chemical/specific 
interactions between unlike ions.
14 
 
Therefore, we further looked into the rigidity of 
solution mixtures which is controlled by various non-
covalent interactions by measuring the isentropic 
compressibility ( sκ ). The sκ was calculated using 
Newton-Laplace equation
29 
( ρκ 21 us = ) from 
experimental ρ
 
and speed of sound ( u ) data (third 
order polynomial equation gives a standard deviation 
of 0.8 at 298.15 K). The u value increased with an 
increase in x1 (Fig. 2 and Table S3), indicating that 
solution rigidity increases as the speed of sound  
is increases upon moving from loosely packed to  
tightly packed structures. These observations were 
further supported by isentropic compressibility results  
plotted in Fig. 3(a). At the studied temperatures, 
[C4mim][C1OSO3] is more compressible than 
[HEA][HCOO]. With the increase in concentration  
of x1, the solutions became less compressible  
as indicated by the decrease in sκ . The increase in 
rigidity of the solution can be ascribed to the increase 
in hydrogen bonding in the solution microstructure 
(discussed later), since [HEA][HCOO] has a 
hydrogen bond donor protic cation and good 
hydrogen acceptor [HCOO] anion. An increase in sκ  
 
Fig. 2—Plots showing variation in speed of sound of 
[HEA][HCOO] (x1)+[C4mim][C1OSO3] (x2) mixture at 298.15, 
308.15, and 318.15 K at different mole fractions.  
 
Fig. 3—Plots showing (a) variation in isentropic compressibility (
s
κ ), and (b), excess molar isentropic compressibilities ( E
msK , ) of 
[HEA][HCOO] (x1)+[C4mim][C1OSO3] (x2) mixtures at different mole fractions at 298.15, 308.15 and 318.15 K. 




with rise in temperature from 298.15 K to 318.15 K 
occurs due to the weakening of bonding interactions 
assisted by increased thermal motions. Excess molar 
isentropic compressibilities E
msK ,  
at 298.15 K were 
calculated from differences of real molar isentropic 
compressibilities (
msK ,




. Standard deviation in fitting 
of E
msK , to third degree polynomial was 0.0095. 
E
msK , is 
negative over the entire range of mole fraction,  
Fig. 3 (b). This behaviour is similar to that of EmV , but 
with opposite sign. Negative E
msK , indicates that the 
mixture is less compressible than the corresponding 
ideal mixture. 
Since flow property of liquids defines their 
applications as medium for various processes to be 
carried out, we measured the alterations in viscosity 
(η ) of ILs upon mixing. The experimental η  versus x1 
plots at 298.15 to 318.15 K are shown in Fig. 4 and 
corresponding values are tabulated in Table S4 
(Supplementary Data). Standard deviation in fitting of 
η  versus x1 to fifth degree polynomial was 1.20 at 
298.15 K. The η  decreases as a function of x1, attains a 
minimum value at x1 = 0.47 and increases further at 
higher mole fractions. On account of the 
unsymmetrical nature of cations of both the ILs, we 
fitted the temperature dependence of η
 
at different 









Fig. 4—Plots showing variation in viscosities (η) of 
[HEA][HCOO] (x1)+[C4mim][C1OSO3] (x2) at 298.15 K,  
308.15 K, and 318.15 K. 
In
 
Eq. (2), η  is viscosity, aE  is activation energy 
of viscous flow, R is universal gas constant and  
T is working temperature of the system in Kelvin.  
The Arrhenius fits of lnη versus 1/T of 
[HEA][HCOO](x1)+[C4mim][C1OSO3]( x2) mixture at 
various mole fractions are shown in Fig. 5(a). With 
the increase in temperature, the η  values decrease at 
all the mole fractions due to the loss of interionic 
forces causing an increase in velocity gradient of 
different layers in the solution mixture. We also 
calculated the activation energy of viscous flow ( aE ) 
from the slope of Arrhenius fits. The plot of  
aE  versus x1 is shown in Fig. 5(b). aE  is found to be 
minimum near the equi-molar concentration  
(x1 = 0.47). These results show that viscosity of IL 
solution can be easily altered as required by diffusion 





 and biochemical reactions.
35 
 
Solution structure and solvatochromic behaviour  
The utility of ILs as solvents depends upon their 
solution structure and solvatochromic characteristics. 
Being differentially polar solvents, ILs are composed 
of different polar/non-polar domains kept intact by 
electrostatic, hydrogen bonding and van der Waal’s 
interactions.
36
 Since the mixtures contain ions having 
capability of hydrogen bonding along with obvious 
electrostatic interactions, we have examined the 
solution microstructure from FT-IR measurements. 
FT-IR spectra have been recorded at different mole 
fraction over the entire composition range and are 
shown in Fig. 6. For better clarity, the spectra have 
been divided into two frequency regions: 1480–1800 
cm
-1
 and 2500–3800 cm
-1
. Different peaks assigned to 
the pure spectra of ILs used are provided in the  
Table S5 (Supplementary Data). Vibrational shifts in 
the characteristic frequency of ILs upon mixing are 
plotted as a function of mole fraction and are shown 
in Fig. S1 (Supplementary Data). 
In the FT-IR spectra, a blue shift of 28 cm
-1
 for the 
peak at 3287 cm
-1
 (ν O-H of HEA) was observed upon 
addition of [C4mim][C1OSO3] up to x2 = 0.52 (Fig. 6 (b) 
and Fig. S1(a)). It is to be noted that protic ILs 
ethylammonium nitrate (EAN) and propyl ammonium 
nitrate (PAN) have been reported to form  
three-dimensional hydrogen bonding network by 
Fumino et al.
37
 Therefore, structure of the protic  
part of the mixture, [HEA][HCOO], is maintained  
by strong C–O
-
· ··H–O and C–O···H–N
+
 hydrogen 
bonding  interactions. It  is  due  to  these  interactions 









Fig. 5—(a) Arrhenius plots (lnη versus T-1) showing variation in viscosity as a function of temperature, and, (b) variation in activation 
energy of viscous flow (














that highest rigidity was observed for [HEA][HCOO]. 
The blue shift in the overlapped νΝ-H, νO–H band of 
HEA
+
 at 3287 cm
-1
 upon increasing the mole fraction 
of [C4mim][C1OSO3] indicates the breakage of the 
hydrogen bonding network of [HEA][HCOO]. 
Moreover, in the [C4mim][C1OSO3] rich region the 
absorption can be accounted to the quaternary 
nitrogen of imidazolium.( +NR4). The C(2)H band of 
[C4mim]
+
 at 3151 cm
-1
 undergoes a blue shift of  
17 cm
-1
 on addition of [HEA][HCOO] up to x1 = 0.84, 
Fig. 6(b) and Fig. S1(b), which may be ascribed to the 
formation of a weak C(2)H···O=C hydrogen bond due 
to strengthening of C–H bond. A blue shift usually 
occurs due to weak or anti-hydrogen bonding arising 
due to the dominance of ion-ion interactions over 
prevailing hydrogen bonding interaction.
38
 C–H·· ·O 
weak or anti- hydrogen bonding has been studied 
extensively in the crystals of organic molecules and 
mixture of organic liquids and very recently in ILs.
39-41 
The electron density transfer from proton acceptor  
(a Brønsted base) to the remote part of proton donor 
has been cited as the most probable reason for this 
phenomenon.
39-41 
A red shift of 2 cm
-1
 in the 
asymmetric stretching band of C=O of HCOO  
(1387 cm
-1
) and blue shift of 2 cm
-1
 in the symmetric 
stretching band of C=O of HCOO (1593 cm
-1
) was 
observed with the addition of [C4mim][C1OSO3] up to 
x2 = 0.87, Fig. 6(a) and Fig. S1(c). Red shift in 
symmetric (1593 cm
-1
) and blue shift in asymmetric 
(1387 cm
-1
) stretching vibrational bands of O–C–O 
indicate a balance of forces between the ions upon 
mixing. The ion-ion interaction in the mixture is 
depicted in Scheme 1. Izgorodina et al.
41 
have 
reported that the ion-ion interactions in [C2mim][Cl] 





from above or below the plane of C4mim
+
 ring. 
Therefore, we propose that in the present systems, 
HCOO
-
 approaches the C4mim
+
 from above or below 
the plane of ring for ion-ion interactions. 
The polarity of a solution plays a key role in its 
solvating ability by various specific and non-specific 
interactions with solute molecules. Therefore, the 
solvatochromic behaviour has been measured from 
Kamlet-Taft solvatochromic parameters, NTE , )30(TE , 
*π , α  and β using Reichardt’s dye (RD), nitroanilone 
(4NA) and N-N-diethyl-4-nitroaniline (DENA) as 
solvatochromic probes. The experimental 
solvatochromic parameters plotted as a function of 
[HEA][HCOO] mole fraction (x1) are shown in Fig. 7 
and corresponding values are tabulated in Table S6 
(Supplementary Data). The maximum wavelength 
( maxλ ) values of the different dyes in the IL mixtures at 
various mole fractions are tabulated in Table S7 
(Supplementary Data) and corresponding UV-vis 
spectra are shown as Fig. S2 (Supplementary Data).  
On comparison with literature values, the calculated 
values of 
*π , α  and β  of the pure ILs are within the 
experimental error.
42
 In Fig. S2, for [C4mim][C1OSO3], 
the literature value of α , i.e., 0.53 has been used.
43
 
The NTE (kcal mol
-1
) the normalized Reichardt’s 
parameter (indicates solute-solvent interactions and 
polarity of the solution) was calculated from the 
maximum absorption wavelength of Reichardt’s dye 
 
 




Fig. 7—Plots showing variation of solvatochromic parameters 
( *,,, πβαNTE ) of [HEA][HCOO] (x1)+[C4mim][C1OSO3] (x2) 
mixture at different mole fractions. 











EE  ...(3) 
 
where the parameter max(30) 28591/ (RD)TE λ=  is 
the Dimroth-Reichardt parameter which indicates both 
dipolarity/polarizibility and acidity of the solvent.
42 
The NTE has been found to increase with an increase 
in x1, which indicates that the polarity of the mixture 
increases in moving from [C4mim][C1OSO3] to 
[HEA][HCOO]. This effect can be attributed to the 
presence of non-polar butyl chain in the imidazolium 
cation in [C4mim][C1OSO3] whose magnitude 
decreases with decrease in concentration of 
[C4mim][C1OSO3]. 
The parameter 
*π  was calculated from the changes 
in maximum absorption energy of the dye which 
induced the local electric field generated by the 
solvent. It is affected by the dye-solvent interaction 
with the increase in mole fraction of one of the 
components.
44 
It indicates the dipolarity/polarizability 
of solvent, and was calculated by measuring the maxλ  
of dye, N-N-diethyl-4-nitroaniline in different IL 





DENA(27.52 ) / 3.183π ν= −  …(4) 
 
The calculated values of 
*π  for all the studied 
mixtures were ≥1, which indicates that the mixtures 
are highly polarizable solvents. This behaviour may 
be due to the large sizes and polar/nonpolar domains 
and ionic nature of IL used.
46 
It is to be noted that 
high polarizibility in a mixture arises due to the 
presence of molecular ions having delocalized 
electrons.
42
 The presence of molecular ions having 
delcolized electrons in both ILs demonstrates the high 
polarizilbity of the mixtures. 
The parameters, α  and β  indicate the hydrogen 
bond donor capacity (HBD) and hydrogen bond 
acceptor capacity (HBA) of solvents and were 
calculated by measuring the variation in maxλ of 
Reichardt’s dye (RD), N-N-diethyl-4-nitroaniline and 






5.16/31.30)23.0(6.14)30( * −−−= πα
T
E  …(5) 
 
DENA 4NA1.035 2.64 / 2.8β ν ν= ⋅ − +  …(6) 










= 10000/λmax are the wave numbers corresponding to 
maximum absorption wavelengths of the dyes, DENA 
and 4NA in the ionic liquid mixtures. 
An increase in α  as a function of [HEA][HCOO] 
was observed, which indicates the increase in hydrogen 
bond donor capacity of the mixture. The maximum 
deviation from linearity in
 α  is seen at x1 ~0.40, where 
the activation energy of viscous flow is also quite low 
and electrostatic interactions among ions are suggested 
to be significantly reduced in the mixture. At higher 
mole fractions (x1 ≥ 0.40), the values of α  at saturation 
are close to that of pure [HEA][HCOO] showing that 
there is very little change in the hydrogen bonding 
donor capacity due to the imidazolium cation in 
[HEA][HCOO] rich region of the mixture. 
The β  value decreased initially with the increase 
in x1 and attained a minimum value (x1=0.21), and 
increased thereafter in a non-linear fashion. The 
decrease in β
 
indicates the decrease in hydrogen 
bond accepting ability and solvent strength of the 
mixture. In both systems, a sharp increase in HBD 
(α ) was observed till x1 ~0.40 and a nearly constant 
value was reached thereafter. Since the β
 
parameter 
depends upon the nature of the anion, the initial decrease 
in β may be due to competition between [C1OSO3] and 
[HCOO] anions (having similar hydrogen bond acceptor 
oxygen atom) for hydrogen bond donor site of [HEA]. 
The increase in β  above x1 = 0.21 is due to more site 
specific interactions in the system.  
 
Conclusions 
The present study shows that the desired 
physicochemical properties pertaining to specific 
application can be easily achieved by mixing two ionic 
liquids exhibiting different properties. Reciprocal 
binary mixing has the additional advantage of all  
the four ions exhibiting different properties, each of 
which can be tuned by changing the mixing ratios. 
Experimental evidences obtained from different 
physicochemical and spectroscopic analysis of the 
reciprocal binary mixtures of [HEA][HCOO]+ 
[C4mim][C1OSO3] have demonstrated the feasibly of 
this concept. A significant departure from ideality in 
volume of mixing and excess molar isentropic 
compressibilities compared to binary mixtures 
containing common cation or anions indicate different 
macroscopic behaviour of such mixtures. The viscosity 




of mixtures show a minima at equimolar composition 
which can be ascribed to the decrease in electrostatic 
interactions among the ions. This behaviour is also 
evident from the behaviour of activation energy  
of viscous flow. Low viscous IL mixtures can be 
utilized for diffusion dependent applications such as 
gas absorption, electrochemistry and biochemical 
reactions.
 
At the microscopic level, anti-hydrogen 
bonding (C(2)···H···O‒C) was observed at the C(2)‒H 
position of [C4mim] cation due to the dominance  
of ion-ion interactions between ions of different ILs. 
The dominance of ion-ion interactions was also  
evident from the breaking of the hydrogen bonding 
network of [HEA][HCOO] upon mixing with 
[C4mim][C1OSO3]. The solvatochromic properties  
of mixtures showed that the mixtures are highly  
polar throughout the composition range and the 
microenvironment of ILs around the probe remains 
nearly the same as that of the bulk of the mixture.  
Good hydrogen bond basicity and polarity of mixtures 




PB and NIM acknowledge Department of Science 
and Technology, Govt of India, New Delhi, India,  
 for financial support from the projects (SB/S1/PC-
104/2012) and (SR/FT/CS-014/2010) respectively. 
TJT is thankful for financial assistance by Council of 
Scientific and Industrial Research, Govt of India, New 
Delhi, (EMR-II/2545/2011). The Analytical Division 




Supplementary data associated with this article, 
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